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Reactor includes a reactor pressuire vessel, control rod driving 
mechaiusm housings inserted through a lid body of said reactor 
pressure vessel, driving rods housed vertlcaUy slldably In the 
housings, fuel assemblies arranged below the houslngiTfuel rods 
of cross-shape cross-section and arranged between the fuel 

provided at the tops of the control rods and having a shape which 
does not interfere uith the movement of the fuel assemblies, and 
^ng^^ns sections which are formed at the lower ends of the 
driving rods for connecting the control rods. 

ADVANTAGE - As anchoring secUons do not Interfere with the 
vertical movement of the fuel assemblies, movement can be 
effected stably. (7pp Dwg.No.0/9) 
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1. Title of the Invention: A Boiling Water Type Nuclear 

Reactor 

2. The Range of Patent Application: 

(1) A boiling water type nuclear reactor characterized by 
the fact that it is equipped with a nuclear reactor pressure 
vessel, multiple numbers of control rod driving mechanism 
housings inserted from the top through the lid body of this 
.„ nuclear reactor pressure vessel, a drive rod housed inside this 
_ control rod driving mechanism housing so that it can slide 
upwards and downwards, multiple numbers of fuel assemblies 
positioned on the Ipwer part of the above mentioned control rod 
driving mechanism housing, multiple numbers of control rods, with 
cross-shaped cross-sections, positioned in a grid-like manner in 
between these multiple numbers of fuel assemblies which are 
detachable from the said driving rod, an anchoring section 
installed on the upper edge of this control rod with a shape that 
does not interfere with the movement when the said fuel 
assemblies move upward and downward, and a connecting unit formed 
on the lower edge of the said driving rod and by connecting to 
the above mentioned anchoring unit connects the control rod. 



^Numbers in the margin indicate pagination in the foreign 

text . 



3. Detailed Explanation of the Invention 

[Technical Field of the Invention] 

This invention concerns a boiling water type nuclear reactor 
and in particular, concerns the connecting structure of the 
control rod and the control rod driving rod. 

[Technical Background of the Invention] 

Conventionally, the boiling water type nuclear reactor is 
structured with the installation of a gas water separation device 
and a vapor drying device on the upper direction of the reactor 
center structured by the loading of numerous fuel assemblies, and 
the combined flow of vapor^and water generated at this reactor 
center is separated into water and vapor by the gas water 
separation device, and furthermore, the vapor is removed of its 
moisture by the vapor drying device, and thereafter, sent to the 
turbine via the main vapor nozzle. Moreover, multiple numbers of 
control rod driving mechanism housings is inserted into this 
nuclear reactor pressure vessel from the lower direction by 
penetrating the basement wall unit of the nuclear reactor 
pressure vessel, and on the upper edge portion of these control 
rod driving mechanism housings, control rod guiding pipes are 
respectively attached, and the control rod (not shown in the 
Figure) is guided by the above mentioned control rod guiding pipe 
and is inserted into the reactor center by the above mentioned 
control rod driving mechanism and is pulled out. 

/456 

By the way, with those that have the control rod inserted into 



3 



the reactor center from the lower direction, when inserting the 
control rod into the reactor center during the scram operation of 
the nuclear reactor, the control rod needed to be pushed up 
against gravity, and there was the inconvenience of having to 
increase the reliability of the control rod inserting operation 
of the control rod driving mechanism. In order to resolve this 
type of inconvenience, those that insert the control rod into the 
reactor center from above is being considered. In other words, 
the control rod driving mechanism housing penetrates the lid of 
the nuclear reactor pressure vessel and is inserted into this 
nuclear reactor pressure vessel from above, and these control rod 
driving mechanism housings are penetrated by vapor drying devices 
created in a ring- shape, and are also penetrated by stand pipes 
of the gas water separation devices. On the lower edge portion 
of these control rod driving mechanism housings, control rod 
guiding pipes are respectively attached and these control rod 
guiding pipes face the upper surface of the reactor center. 
Moreover, on the upper edge portion of the above mentioned 
control rod driving mechanism housing, control rod driving 
mechanism are respectively installed. It is structured so that 
the control rods are guided by the above mentioned control rod 
guiding pipe and inserted into and pulled out from the reactor 
center from above by the control rod driving mechanism. 
Therefore, during scram time etc., it can be structured so that 
the .control rod is inserted within the reactor center by gravity, 
and it is possible to increase the reliability of the scram 
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operation and moreover, simplify the structure of the control rod 
driving mechanism. 

[Problematic Points in the Background Technology] 

In the above structure, the neighborhood of the upper edge 
portion of the control rod 1 is structured as shown in Figure 1. 
This control rod 1 is structured so that the blade 2 is 
positioned in a cross shape and the fuel assemblies 3 are loaded 
in between each blade 2 . Symbol 4 in the diagram represents the 
upper portion grid plate. On the upper edges of the above 
mentioned control rods 1, the connecting unit 5 connecting with 
the driving rod (not shown^in the diagram) which is installed 
within the control rod driving mechanism housing (not shown in 
the diagram) so that it is capable of sliding vertically, is 
created. In this case, the above mentioned connecting unit 5 is 
thicker than the thickness of the blade 2, and for example, 
performs the operation of pulling out or inserting the said fuel 
assemblies 3 under the condition in which the control rod 1 is 
inserted within the reactor center, in order to terminate the 
nuclear reaction in the reactor center. In this case, the said 
connecting unit 5 sometimes interfered with the operation of 
pulling out or inserting this fuel assembly 3 and a the 
conducting of stable operation was sometimes impossible. 

[The Purpose of the Invention] 

The purpose of this invention is to provide a boiling water 
type nuclear reactor capable of stable operation without 
interference, by the connecting structure of the control rod and 
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the driving rod, in the operation of pulling out or inserting the 

fuel assemblies, 

[Summary of the Invention] 

The boiling water type nuclear reactor of this invention is 
a structure equipped with a nuclear reactor pressure vessel, 
multiple numbers of control rod driving mechanism housings 
inserted from the top through the lid body of this nuclear 
reactor pressure vessel, a drive rod housed inside this control 
rod driving mechanism housing so that it can slide upwards and 
downwards, multiple numbers of fuel assemblies positioned on the 
lower part of the above mentioned control rod driving mechanism 
housing, multiple numbers of control rods, with cross-shaped 
cross-sections, positioned in a grid-like manner in between these 
multiple numbers of fuel assemblies which are detachable from the 
said driving rod, an anchoring section installed on the upper 
edge of this control rod with a shape that does not interfere 
with the movement when the said fuel assemblies move upward and 
downward, and a connecting unit formed on the lower edge of the 
said driving rod and by connecting to the above mentioned 
anchoring unit connects the control rod. 

In other words, it is a structure in which the anchoring 
section positioned on the upper edge of the control rod does not 
interfere with the movement in the vertical direction of the fuel 
assemblies. 

Therefore, when the fuel assemblies move in the vertical 
direction, there is no interference from the anchoring section 



and therefore a stable operation is possible and it is possible 
to greatly increase the safety and healthiness. 
[Execution Example of the Invention] 

Explanation of one execution example of this invention will 
be provided by referring to Figure 2 or Figure 7. Figure 2 is a 
cross-sectional diagram showing the rough structure of the 
boiling type nuclear reactor. 

Symbol 101 in the figure is the nuclear reactor pressure 
vessel; and a detachable lid body 102 is attached to the upper 
section. The lower section within this nuclear reactor pressure 
vessel 101 houses the reactor center 103. This reactor center 
103 is constructed by the loading of numerous fuel assemblies in 
a grid- like manner. 7457 
The cooling material, in other words, the light water flows into 
these fuel assemblies 104 from the lower direction and boils, and 
it is structured so that it becomes a two phase flow of water and 
vapor and flows out in the upper direction. Moreover, a shroud 
105 is installed around this reactor center 103. In the upper 
direction of this reactor center 103, a gas water separation 
device 106 is installed. It is structured so that the two phase 
flow of water and vapor pouring out of the fuel assemblies 104 of 
the reactor center 103 is separated into water and vapor. by this 
gas water separation device 106. Moreover, further up from this 
gas water separation device 106, a vapor drying device 107 is 
installed. And it is structured so that the vapor separated by 
the above mentioned gas water separation device 106 under goes 
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moisture removal by this vapor drying device 107, and is sent to 
the turbine (not shown in the diagram) etc., via the main vapor 
nozzle 108. The above mentioned vapor drying device 107 takes on 
a ring shape and moreover, the space between the upper edge 
circumference of this vapor drying device 107 and the inner 
surface of the nuclear reactor pressure vessel 101 is sealed by a 
sealing material 109, and moreover, the space between the lower 
edge circumference of this vapor drying device 107 and the inner 
surface of the nuclear reactor pressure vessel 101 is sealed by 
the skirt 110 soaked in the reactor water, and it is structured 
so that it prevents the vapor from flowing directly into the main 
vapor nozzle without going through this vapor drying device 107. 
Multiple numbers of control rod driving mechanism housings 111 
which penetrates the lid 102 of the above mentioned nuclear 
reactor pressure vessel 101 are installed. The lower edge 
portion of these control rod driving mechanism housings 111 
penetrates within the ring shaped vapor drying device 107, and is 
further inserted in between the stand pipe 106A of the gas water 
separation device 106. And on the lower edge of all of these 
control rod driving mechanism housings 111, a control rod guiding 
pipe 112 is attached. These control rod guiding pipes 112 
exhibits a cross shaped cross section and is positioned in 
between the stand pipe 106A of the gas water separation device 
106, and its lower edge faces the upper surface of the reactor 
center 103. A control rod 113 with a cross shaped cross section 
is guided through these control rod guiding pipes 112. Moreover, 
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a control rod driving mechanism 114 is respectively installed in 
the upper edge portion of all the above mentioned control rod 
driving mechanism housings 111. The above mentioned control rod 
113 is connected to the driving rod 115 of the control rod 
driving mechanism 114, guided by the above mentioned control rod 
guiding pipe 112 and is inserted into the above mentioned reactor 
center 103 from above, and moreover, is constructed so that it is 
pulled out from above. 

The said fuel assemblies 104 are supported in the vertical 
direction by the reactor center supporting plate 116, as shown in 
Figure 3, and moreover, is supported in the horizontal direction 
by the upper section grid plate 117. Approximately half of the 
control rod 113 in Figure 3 is inserted in between the fuel 
assemblies 104 along the control rod guiding pipe 112. Moreover, 
on the lower section of the control rod 113, a roller 118 and 
blade is installed and on the upper section a blade protrusion 
119 is created. And by this roller 118 and blade protrusion 119, 
it is structured so that the insertion of the control rod 113 is 
conducted smoothly. On the lower edge of the control rod 113, a 
piston 120 is created, and along with the dash pot 121 formed on 
the reactor center supporting plate 116, forms a control 
mechanism when performing a high speed insertion of the control 
rod 113 during nuclear reactor termination. In other words, as 
shown in Figure 4, when the control rod 113 is inserted at high 
speed, the above mentioned piston 120 is inserted inside the dash 
pot 121. At this time, the tip of the piston 120 becomes the 



opening 12 OA, and moreover, and because an exhaust opening 12 OB, 
120C, and 120D are formed in the axial direction, the water 
inside the dash pot 121 is discharged from this opening 120A, and 
exhaust opening 120B, 120C, and 120D into the reactor. As the 
control rod 113 is inserted, the above mentioned exhaust opening 
120B, 120C and 120D are gradually sealed. It is structured so 
that control of the control rod 113 is possible by the flow loss 
at this time. The said control rod 113 is structured from a 
blade 122 with a cross shaped cross section, as shown in Figure 
5, and a neutron absorbing agent utilizing a boron carbide or 
hafnium alloy is housed inside this blade 122. 

Next, explanation of the connecting structure of the control 
rod 113 and the driving rod 115 will be provided by referring to 
Figure 6 and Figure .7. In other words, an anchoring section 123 
is created on the upper edge of the control rod 113 . 

/458 

This anchoring section 123 consists of a blade 122 with a mini- 
blade 124 with a cross shaped cross section, similar to that of 
the blade 122; at its upper edge center, and on the lower section 
of this mini-blade 124 a cut out section 125 is formed. The 
thickness of the above mentioned mini -blade 124 never exceeds the 
thickness of the blade 122 and therefore, its structure does not 
interfere with the vertical movement operation of the fuel 
assemblies 104 as in the conventional examples. And on the lower 
edge of the driving rod 115, a connecting section 126 which 
connects to this anchoring section 123 is formed as shown in 
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Figure 7. In other words, a bottom lid 128 with a cross shaped 
slit 127 through which the above mentioned anchoring section 123 
passes is attached to the lower edge of the driving rod 115. 
Therefore, when connecting the control rod 113 and the driving 
rod 115, the driving rod 115 is lowered and the said mini-blade 
124 is penetrated through the slit 127. After the slit 127 has 
penetrated the mini blade 124, the driving rod 115 is rotated 45 
degrees and the cut out section 125 and the bottom lid 128 is 
connected. The connection of the driving rod 115 and the control 
rod 113 is now completed. When detaching the control rod 113 and 
the driving rod 115, the above connecting operation should be 
performed in the reverse order. 

According to the above structure, the thickness of the mini- 
blade 124 installed on the upper edge of the control rod 113, 
never exceeds the thickness of the blade 122, and therefore, when 
performing fuel exchange etc., in a condition in which the 
control rod 113 is inserted as in the conventional case, in other 
words, in a condition in which the nuclear reactor is terminated, 
no interference in the vertical movement of the fuel assemblies 
104 takes place and a stable vertical operation is possible. 

For an operation control mechanism when performing a high 
speed insertion of the previously mentioned control rod 113, a 
structure utilizing a spring may be used, and moreover, a 
structure may be used in which operation control by the control 
rod drive mechanism is performed by fixing the operation control 
mechanism in the control rod drive mechanism and conducting the 



insertion into the reactor center while the control rod drive 
mechanism and the control rod 113 is connected. 

Next, explanation of a different execution example will be 
provided by referring to Figure 8 and Figure 9. In other words, 
the anchoring section 123 is composed of a mini -blade 129 which 
is formed on a line extending from one side of the blade 122, and 
on the lower section of this mini-blade 129, a cut out section 
130 is formed. The thickness of the above mentioned mini-blade 
129 never exceeds the thickness of the blade 122. Therefore, it 
is a structure that does not interfere with the vertical movement 
operation of the fuel assemblies 104 as in the case of the 
previous execution example. On the other hand, on the lower edge 
of the driving rod 115, a connecting section 126 which connects 
to the above mentioned anchoring section 123 is formed as shown 
in Figure 9. In other words, on the lower edge of the driving 
rod 115, a bottom lid 133 which possesses a slit 132 through 
which the above mentioned mini-blade 129 passes is attached. 
Therefore, when connecting the control rod 113 and the driving 
rod 115, the driving rod 115 is lowered the mini-blade 129 is 
penetrated through the slit 132. After penetration, the driving 
rod 115 is rotated 90 degrees and the cut out section 130 and the 
bottom lid 133 is connected. The connecting of the driving rod 
115 and the control rod 113 is now completed. When detaching the 
driving rod 115 and the control rod 113, the above mentioned 
connecting operation may be performed in the reverse order. 
Sections identical to the previous execution example are 
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represented by identical symbols and explanation of these are 
omitted, 

[Result of the Invention] 

The boiling water type nuclear reactor of this invention is 
a structure equipped with a nuclear reactor pressure vessel, 
multiple numbers of control rod driving mechanism housings 
inserted from the top through the lid body of this nuclear 
reactor pressure vessel, a drive rod housed inside this control 
rod driving mechanism housing so that ic can slide upwards and 
downwards, multiple numbers of fuel assemblies positioned on the 
lower part of the above mentioned control rod driving mechanism 
housing, multiple numbers of control rods, with cross-shaped 
cross-sections, positioned in a grid-like manner in between these 
multiple numbers of fuel assemblies which are detachable from the 
said driving rod, an anchoring section installed on the upper 
edge of this control rod with a shape that does not interfere 
with the movement when the said fuel assemblies move upward and 
downward, and a connecting unit formed on the lower edge of the 
said driving rod and by connecting to the above mentioned 
anchoring unit connects the control rod. 

In other words, it is a structure in which the anchoring 
section positioned on the upper edge of the control rod does not 
interfere with the movement in the vertical direction of the fuel 
assemblies. 7459 

Therefore, when the fuel assemblies move in the vertical 
direction, there is no interference from the anchoring section 
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and a stable operation is possible, and its effectiveness is 
large such as in the large improvement in safety and healthiness. 

I 

4. Simple Explanation of the Diagrams 

Figure 1 is a diagonal view of the neighborhood of the upper 
edge portion of the control rod showing a conventional example. 
Figure 2 or Figure 7 shows one execution example of this 
invention and Figure 2 is a cross -sectional diagram showing a 
rough composition of the boiling water type nuclear reactor. 
Figure 3 is a cross -sectional diagram showing the condition in 
which the control rod is half inserted. Figure 4 is a cross 
sectional diagram of the neighborhood of the lower edge portion 
of the control rod and Figure 5 is a diagonal view of the control 
rod. Figure 6 is a diagonal view of the neighborhood of the 
upper edge portion of the control rod and Figure 7 is a diagonal 
view of the lower edge portion of the drive rod. Figure 8 and 
Figure 9 is a diagram showing a different execution example and 
Figure 8 is a diagonal view of the neighborhood of the upper edge 
portion of the control rod and Figure 9 is a diagonal view of the 
lower edge portion of the drive rod. 

[Explanation of the Symbols] 

101 Nuclear Reactor Pressure Vessel 

102 Lid Body of Nuclear Reactor Pressure Vessel 
104 Fuel Assemblies 

111 Control Rod Driving Mechanism Housing 
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113 Control Rod 

115 Driving Rod 

123 Anchoring Section 

126 Connecting Section 

[Figures 1-9] 
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